Background Obstetric hemorrhages are a frequent cause of maternal death all over the world, but are not routinely monitored. Health systems administrative databases could be used for this purpose, but data quality needs to be assessed.
Introduction
Improving maternal health is the fifth of the eight Millennium Development Goals set by the United Nations in September 2000. 1 To assess this improvement in highincome countries, monitoring severe acute maternal morbidities 2 -6 seems to be preferable to assessing the maternal mortality ratio (number of maternal deaths per 100 000 live births), 7 -9 which is quite low in these countries, around 10/ 100 000 10, 11 with only 27% of deaths indirectly related to the pregnancy. 4, 12 However, there are few nationwide studies of severe acute maternal morbidities, 13 and most are based on retrospective surveys, 14 -18 rather than on prospective studies. 19 Monitoring severe acute maternal morbidities thus appears to be an innovative and effective way to assess the quality of maternal health care.
Major obstetric hemorrhage (MOH) is one of the most frequent causes of maternal morbidity worldwide. 9 Whereas there is no general consensus regarding the standard definition of major hemorrhages, there appears to be some agreement regarding the way MOH can be assessed in clinical practice: for example, the Healthcare Commission of the UK defined 'significant' blood loss as .1000 ml and 'major' blood loss as .2500 ml, in its recent review of maternity services in England and Wales. 20 However, it should be noted that blood loss, and in particular maternal blood loss, is notoriously difficult to quantify and tends to be misestimated. 21 Accordingly, it is commonly admitted that hemorrhages could be much better defined by a fall in hemoglobin or a need for blood transfusion, 22 with hemorrhages said to be 'major' if the amount of blood needed to be transfused exceeds a certain threshold. 23 This is why the Scottish Confidential Audit of Severe Maternal Morbidity (SCASMM) considered MOH to be defined by a blood loss .2500 ml (definition of its Healthcare Commission) or a transfusion of 5 or more units of blood. 24 The French National Authority for Health (HAS) has concluded that MOH can be defined by any of the following criteria: (i) a blood loss !1500 ml, (ii) a hemoglobin loss !4 g/dl or (iii) the dispensation of at least 4 units of blood. Therefore, in this study, we operationally defined MOH as cases where 4 or more units of blood were transfused. Although this lack of a uniformly accepted definition could make it more difficult to compare data from different countries, it does not affect the importance or accuracy of MOH monitoring within a single country.
Almost all French women (99.5%) are hospitalized for childbirth, 25, 26 and each facility is legally obliged to produce a discharge abstract for each hospital stay. All of these abstracts are included in a national administrative database. Moreover, in France, healthcare expenditure is directly paid to the facilities by the national Social Security Bureau, which relies on these administrative data to calculate expenditure. Therefore, the French administrative database implicitly covers the entire French population, including all age groups. This feature is very rare in other countries. In addition, the quality of national administrative data is regularly monitored.
Here, we aimed to determine whether the national administrative data could be used to estimate the incidence of post partum hemorrhage at the national level. To validate the administrative data concerning transfusions, we compared them with a comprehensive database, managed by the national French Blood transfusion Service (FBS). Although the linkage of individual mothers' records between the national administrative database and the FBS database could be an effective way to assess the incidence of hemorrhages, it was not feasible because all of the administrative discharge abstracts are rendered anonymous before being transmitted to the national database. To overcome this difficulty, we relied on the regional database run by the Burgundy Perinatal Network (BPN). Indeed, the perinatal database not only contains data collected from hospitals using the same abstracts as the national database, but also offers the benefit of being linkable with the FBS database. By linking the BPN and FBS data, we aimed to assess the accuracy of discharge abstracts using the FBS database as the 'gold standard'. We then developed a statistical method to correct the inaccurate number of transfusions recorded in the national administrative data
Data sources
The FBS database
In France, the FBS is the single manager of blood collection and distribution. This service acts in compliance with the European directive 27 that sets standards of quality and safety for the collection, testing, processing, storage and distribution of human blood and blood components. It can be compared with the blood services or centers of other countries that are also involved in blood management. 28 This national institution runs a highly reliable and exhaustive database, and it can be safely assumed not only that all blood transfusions are recorded in the FBS registry, but also that only those patients who actually received transfusions are included. Because of this completeness and accuracy, the FBS data could be considered a 'gold standard'. Accordingly, in this study, we searched the Burgundy section of the FBS database to obtain the date of dispensation, the type of blood products ( platelets, red blood cells or fresh frozen plasma), the first and last names and date of birth of each woman ( pregnant or not) in Burgundy who received a transfusion, as well the name of the hospital where the transfusion was given.
The national administrative database
Inspired by the Medicare DRG system, the gathering of national administrative health data was established in France in 1991(Act of 31 July 1991 on the hospital reform), and extended in 1997 to all healthcare facilities (Order of 22 July 1996 on the collection and processing of medical data). Initially designed to analyze the hospital activity and to contribute to the elaboration of strategic healthcare plans, it has become an instrument for financial management. Since 2008, each hospital's budget has depended on the medical activity recorded in a specific program that compiles discharge abstracts related to all admissions (Social Security Financing Act for 2008).
The information in these abstracts covers both medical and administrative data, but the latter are rendered anonymous, making it impossible to use the social security number for linkage. This is not usually the case in Medicare data based studies. 29 Diagnoses identified during the hospital stay are coded according to the 10th edition of the International Classification of Diseases. Each facility produces its own anonymous standardized data, which are then compiled at the national level.
Although DRG systems are widely used in the world, 30 the French administrative database offers the attractiveness of being highly exhaustive as it covers the entire population of the country. The fact that these national data are used for the allocation of hospital budgets should encourage improvement in data quality in terms of coherence, accuracy and exhaustiveness. However, the quality and validity of some health-related data, including those regarding blood transfusions, are unknown, and poor accuracy of coding is a frequent limitation of administrative health data. 31 For our purposes, the quality of these data needed to be assessed.
The BPN database
This network was created in 1992 to improve the quality of perinatal care in Burgundy, a French region with 1 800 000 inhabitants and 18 500 births annually. 32 Since 2001, all of the perinatal care departments in Burgundy have been involved in the BPN, providing data on 100% of the births in the entire region. The BPN regularly collects data (anonymous abstracts) produced by the hospitals for the national administrative database for all pregnant women from 22 weeks of amenorrhea onwards and for all newborns. A small amount of supplementary information is specifically collected by the BPN, such as the gestational age and the delivery date (both of which are now available in the administrative data but were not recorded at the time of the study). Therefore, as the BPN data and the national administrative data come from the same source, assessing the quality of the BPN data can be considered the same as assessing the quality of the national administrative data concerning pregnant women in Burgundy.
For the present study, we selected all births that occurred in Burgundy between 1 January 2006 and 31 December 2007 and were recorded in the BPN database.
Methods
Validation study: assessment of hemorrhage identification at the regional level
In the administrative data (BPN and national administrative database), the notion of 'pregnant woman' is not recorded systematically. Indeed, pregnancy itself does not correspond to a specific diagnosis with a specific code. Of course, all patients included in the BPN database are pregnant, but this limitation has to be taken into account when the national database, which covers the entire French population, is analyzed. Unlike the pregnancy, the delivery is recorded in the administrative data. We thus had to retrieve the discharge abstract related to the hospital stay for childbirth ('birth-related stay') to identify pregnant women [International Classification of Diseases (ICD)-10 codes: Z37, O80 to O84].
Another issue, specific to the administrative data, is that a single record corresponds to a single uninterrupted period of stay in a particular hospital. Therefore, in the case of a patient who was transferred from one hospital to another, each institution will produce its own discharge abstract. For the same reason, if a single pregnant woman was first admitted for hemorrhage then discharged home, and finally re-admitted to the same facility for childbirth, the hemorrhage and the birth will be recorded in two different discharge abstracts. To overcome this difficulty, we linked the abstract retrieved for the birth-related stay with all discharge abstracts for the same patient within the 9 months before childbirth. By doing so, we were able to identify all the relevant pregnancy-related abstracts in order to minimize information loss.
Data anonymization
In accordance with European 33 and French law, both the FBS and BPN data have to be rendered anonymous. As the anonymization method routinely used for the BPN data was developed by our research team (ANONYMAT Software), 34, 35 for the specific purpose of this study, we were able to apply the same method to the FBS data. This allowed us to link the BPN and the FBS databases at the individual patient level. ANONYMAT was approved by the French data protection commission for data management in the BPN in general, and specifically for the current study. Its technology is based on the Standard Hash Algorithm, 34, 35 which ensures irreversible transformation of independent fields.
Data linkage
To link the BPN with the FBS data, we used the method proposed by Jaro 36 to take into account identification variables, such as maiden names, first names and dates of birth. Technically, there is no difference between using original nominative data or hash-coded data for record linkage, as the correspondence between these data is almost one to one (i.e. low collision rate). Figure 1 shows the general flow chart of calculations resulting from comparisons of the BPN and FBS data. False negatives (FN) were defined as BPN abstracts that did not mention a transfusion but for which the FBS database did indicate a transfusion. Conversely, cases where transfusions were recorded in the BPN abstracts, but not in the FBS database, were considered false positives (FP). Once identified, FN and FP were analyzed in detail to determine the causes of the inaccuracy. Regarding the FP, as no information on these patients was provided by the FBS, we had to rely on medical files, whenever possible, in order to understand the reasons for these errors. For FN, we investigated the available FBS data to understand why these transfusions were omitted from the BPN abstracts.
Validation
When we analyzed the FP and FN, we studied two situations: (i) the post partum period alone and (ii) the antepartum and post partum periods together. In the former case, we assessed the quality of the administrative data related to a single hospital stay (the birth-related stay), whereas in the latter case, we assessed the potential benefits of linking abstracts related to different stays during the same pregnancy to verify whether this approach could reduce information loss. The sensitivity, specificity and positive and negative predictive values of the BPN abstracts were then estimated separately for each of the two situations.
Furthermore, besides these analyses, for the birth-related stay, we distinguished what can be called 'early' hemorrhages, i.e. those that occurred during the delivery in the delivery room from those that occurred during the rest of the birth-related stay. Early hemorrhages were identified as those cases where the transfusion date ( provided in the FBS data) matched the delivery date ( provided in the BPN data). By comparing the completeness of recording in the two situations, we aimed to establish whether incidents occurring during childbirth were better recorded than those occurring during the rest of the birth-related stay.
Initially, all of the above-mentioned calculations were made regardless of the quantity of blood delivered. Then, to isolate major hemorrhages, we identified FBS transfusion reports indicating that at least 4 units of red blood cells were transfused, and then estimated the sensitivity, specificity and positive-and negative-predictive values for the corresponding data. By doing so, we aimed to establish whether serious incidents were better recorded than more benign ones.
Modeling study: estimation of the total number of hemorrhages in the national administrative database This was difficult to estimate because, unlike the BPN database, the national database only records the entire length of a hospital stay, from the date of admission to the date of discharge. The birth date is not recorded. Therefore, we could not accurately retrieve abstracts related to the whole antepartum period as we did in the BPN database. The same applied to early hemorrhages. However, in the national database, each patient is assigned a unique encrypted number. It was thus possible to link all the discharge abstracts for a particular female patient and thus to obtain a rough estimate of the total number of pregnancies during which blood transfusions occurred. We relied on the quality assessment of the BPN administrative data in Burgundy, as described in the 'validation study' sub-section, to correct the number of transfused women recorded at the national level for the less-than-perfect sensitivity and specificity. In a more simplistic approach, the observed number could merely be corrected for the FN and FP rates as estimated from the Burgundy data. However, such an approach would impose a strong assumption that the frequencies of both types of errors at the national level were identical to those estimated in a single region. In contrast, we expected that the quality of the administrative data would vary systematically with the characteristics of both the women and the health facility, and that these characteristics would, in turn, vary across the regions. Thus, we decided to develop two multivariable regression models that linked the relevant characteristics with the probability of an FN or an FP. In both models, we initially included as the independent variables (i) a priori selected clinical severity criteria (mother's age, length of stay and level of the maternity unit), (ii) a priori selected geographical and socio-economic factors [geographic area and hospital status ( private or public)] and (iii) variables identified by our preliminary validation study (see section Validation; delivery through a Cesarean section, hemostasis, a hemorrhage-related diagnosis and an anemia-related diagnosis). Only the variables found to have statistically significant independent effects were then included in the two separate 'final' multivariable logistic regression models. These models were then used to estimate how the respective probabilities of an FN and an FP depended on the relevant woman's characteristics recorded in the national database.
Each model was estimated using data on a relevant subset of women in the BPN data set, for whom the 'true' transfusion status was known from the FBS. Specifically, the model for FN was estimated using all births with no transfusion recorded in the BPN database. The binary outcome in that model identified the 'FN' subjects. The estimated model was then applied to all births with no transfusion coded in the national database. Specifically, for each of these births, we calculated the estimated probability that a given woman actually had a transfusion, as a function of the values of the aforementioned covariates for that woman. The total number of transfusions missed by the national database (i.e. the expected number of 'FN') was estimated by summing up all of the resulting individual probabilities. Notice that the procedure proposed above takes into account the possibility that the distribution of covariates associated with the probability of a woman having a transfusion may differ between the regional and the national databases.
The variance of the estimated total number of FN depends on the variance and the covariance of the regression coefficients of the logistic model used to estimate the probabilities of FN results. Therefore, the 95% confidence interval (CI) for the total number of FN was estimated based on 500 simulations. In each simulation, the entire vector of logistic regression coefficients was randomly sampled from the multivariate normal distribution, in which both the mean values and the variance -covariance matrix corresponded to the estimates from the original model. For each simulation, the probability that a woman who had a transfusion but was recorded as 'negative' in the national database was re-calculated using the corresponding, randomly sampled, vector of regression coefficients, and the resulting estimate of the total number of FN was obtained as the sum of these probabilities. Finally, the 95% CI for the total number of FN was obtained as the interval between the 2.5th and the 97.5th percentiles of the distribution of the 500 estimates, each corresponding to one simulation.
The same procedure was used to estimate the number of 'FP' in the national database. However, in some situations, the number of FP actually observed at the regional level was considered insufficient for multivariable logistic regression modeling. In such situations, the estimated number at the national level was calculated by simply applying the percentage of FP observed in the regional database to all women identified as 'positive' in the national database.
The total number of transfusions at the national level was estimated by (i) summing the number of transfusions coded in the national database and (ii) adding the estimated number of FN (transfusions missed) and then (iii) subtracting the estimated number of FP, computed as described above. The 95% CI for the estimated total number of transfusions was obtained by combining the estimated variances of the three components of the estimate: (i) the number of transfusions actually recorded in the national database, and the estimated numbers of (ii) FN and (iii) FP. The variance of component (ii) was estimated through simulations, as explained above. The variance of component (iii) was estimated by the conventional method. The SAS macro that implements the above procedure is available on request from the first author. 
Results

Results of the validation study
Frequency of transfusions
Results of data linkage
The linkage identified 255 transfusions recorded in the FBS database, in a total of 35 799 births, recorded in the BPN database, which represents a 7.12‰ blood transfusion rate. As expected, there were no statistically or clinically significant differences between the number of transfusions recorded in 2006 and 2007 (data not shown). Table 1 shows the results of analyses conducted on abstracts for birth-related stays recorded in the BPN database, regardless of the quantity of blood delivered. The sensitivity was estimated at 66.3% (60.5 -72.1) and the positive predictive value (PPV) at 91.3% (87.3 -95.4), with 72.8% (65.7 -79.9) of sensitivity and 95.6% of (91.9 -99.4) PPV for early hemorrhages. Based on the 'MOH cases' identified in the FBS database, we were able to estimate the frequency of transfusions during which at least 4 units of red blood cells were delivered: the result of these calculations was a 2.3‰ blood transfusion rate. However, as there is no information in the administrative data regarding the quantity of the blood delivered, the sensitivity and the PPV of BPN records could not be estimated regarding MOH.
The results of analyses conducted on linked abstracts related to different stays during the same pregnancy are very similar to the results of analyses conducted on abstracts for birth-related stays.
Review of cases with misclassifications of the transfusion status
For patients identified as 'errors' in the BPN database, all of the medical files available in the respective facilities were reviewed in detail, for a total of 10 FP (77% of all FP) and 78 FN (96% of all FN).
FPs (Table 2) were mostly related to Cesarean section (80%) and many were due to coding errors: either a blood product was mistakenly coded instead of drugs (albumin, coagulation factor XI and complement C1 esterase inhibitor), or no products at all were delivered.
Regarding FN (Table 3) , post partum hemorrhage was the medical indication for which transfusions seemed to have been recorded with the lowest accuracy. In such cases, most failures to record a transfusion occurred in level-2 maternity units, and mainly for early post partum hemorrhage (60.2%), during the two first days after the birth. Results of the modeling study
The national administrative database identified 1 629 537 deliveries between 2006 and 2007, with a total of 6932 (0.43%) blood transfusions. Table 4 shows variables that were significantly associated with the probability of an FN in the BPN database, based on the multivariable logistic regression model (AUC ¼ 0.907). These variables were mainly related to the patient, and included Cesarean section, hemorrhage, anemia, hemostasis procedures and a longer length of stay. These variables have been included in the final predictive models, employed to correct the number of transfusions recorded in the national administrative database. In contrast, mother's age, geographical area, hospital status and the level of the maternity unit had no statistically significant associations with the probability of FN and were thus not included in the final predictive model used to correct the national data. The total number of FN at the national level, estimated according to the predictive model, was 4609 (95% CI: 3990 -5996). By adding this number to the 6932 observed and subtracting the estimated 600 FP, we calculated that the correct number 
Discussion
In this article, we aimed to assess the feasibility of using the national administrative database, which contains data collected primarily for hospital budget allocation, to monitor obstetric hemorrhages. To assess the quality of the administrative data for blood transfusions, in principle, we could rely on the 'gold standard' of the highly reliable national FBS database of blood delivery. However, due to the anonymization procedures applied to the national administrative data, it was not possible to link them to the FBS data. Nevertheless, in the region of Burgundy, we were able to link the FBS data to the administrative data maintained by a regional perinatal network (BPN). The results of this local assessment were incorporated into two multivariable regression models to estimate the number of pregnant women who received a transfusion according to the national administrative database. It is important to note that during the assessment of the quality of transfusion recording at the regional level we relied on an accurate and validated record of pregnant women who received a transfusion, so that neither extrapolation nor statistical estimation was used at this stage. The information that was obtained can thus be considered a reference. Our results showed that whether all of the relevant pregnancy-related abstracts (69.2% sensitivity) or only the birth-related abstracts (66.3% sensitivity) were taken into account, both the completeness and the accuracy of transfusion recording did not change significantly. In both situations, the rate of transfusions was seriously under-estimated. Furthermore, our analyses indicated the lack of the (expected) relationship between the completeness of transfusion recording and the place where the hemorrhage occurred. Indeed, the sensitivity did not differ significantly when hemorrhages occurring in the delivery room were separated from those occurring during the rest of the birthrelated stay. As for transfusions that required at least 4 units of red blood cells, there was no information in the administrative data regarding the quantity of blood delivered. Thus, in order to make the administrative data potentially useful in MOH monitoring, this data limitation has to be overcome.
The overall poor sensitivity of the BPN data confirms the findings of another validation study of French hospital discharge database for severe maternal morbidity, 31 in which the coding validity of diagnosis was described as 'poor'. However, after assessing the quality of the BPN administrative data, our main goal was to use the resulting estimates of FP and FN rates to correct the number of transfused pregnant women recorded at the national level. To this end, we employed multivariable regression to link the quality of the administrative data with the characteristics of the patient and hospital. The results indicated that factors with a significant impact on data quality were mainly related to the patient ('Cesarean section',' hemorrhage', 'anemia', 'hemostasis procedures') and a longer length of stay. In contrast, the age of the patient and criteria concerning the hospital ('geographical area', 'hospital status: private or public', 'facility level') were not significantly associated with data quality. These results suggest that possible variations in the organization of the different facilities across the regions are unlikely to affect the accuracy of the results of our extrapolation from the regional to the national level.
Based on the multivariable models, we estimated that the corrected transfusion rate was 671.4 per 100 000 deliveries, i.e. 0.671%. We compared our estimate with the results of a cluster-randomized trial that involved 106 French maternity units. 37 Indeed, although the estimate provided by modeling of population-based data may not be as reliable as the one provided by a randomized trial, the aforementioned trial reported blood transfusion rates close to our estimate: 0.44% of deliveries in the intervention group and 0.41% deliveries in the control group On the other hand, while the accuracy of data collection in the trial was better than in administrative databases used in our study, the representativeness of the study sample was necessarily lower than in a population-based study. Our result falls within the range of estimated transfusion rates (between 0.34 and 0.90% of deliveries) reported by other French authors, 38, 39 and is also very similar to the transfusion rate found in Canada (0.647% of deliveries). 40, 41 Finally, we aimed to demonstrate that, despite the considerable inaccuracy of coding in the national administrative data, routinely collected data can provide accurate estimates if corrected by multivariable regression models that account for the variables significantly associated with the probability of coding errors. Thus, combining the administrative database with careful modeling can yield accurate estimates while having the advantage of describing the general population. In fact, the major rationale for our study was to develop and implement the methods that can correct for the limited sensitivity of the administrative records of transfusions, in which transfusions are substantially underreported. Indeed, the results presented in Table 1 and discussed in the paper show that our method increased the estimated total number of transfusions from 6932 to 10 941, i.e. by 42% of the estimated (corrected) total number. This 42% increase is quite consistent with the overall sensitivity of the administrative database of 60% (which implies that 40% of 'true' cases will be missed).
Conclusion
The administrative data on blood transfusion can be used to assess the frequency of obstetric hemorrhages in any country where a large administrative database is available. In France, some limitations still remain concerning major hemorrhages, as there is no information in the administrative database regarding the quantity of blood delivered. Providing such information would increase the effectiveness of our method.
One way would be to add a new field in the administrative database to record the quantity of blood delivered. Indeed, the information system used 42 to gather and store such data has been designed and developed so that new information is regularly added. Moreover, if errors do occur in the reporting of this information, the model presented in this paper is designed to take such errors into account. However, if quantity data were included, the software publishers would also be required to amend and extend their data capture software accordingly, and all the health professionals would be asked to record this information whenever needed. Such an increase in the workload would only be permitted by the authorities if it is justified by a positive economic impact, i.e. if recording the quantity of blood delivered would be useful to adjust the budgets of individual hospitals.
Alternatively, the linkage between the administrative database and the blood transfusion service database is technically feasible, for example thanks to the National Health Insurance Information System, 42 which allows different national health databases to be linked together. Moreover, this kind of linkage has been allowed by the French data protection commission. 43, 44 Therefore, it would neither be a technical issue, nor a matter of authorization, but rather a problem of political will. As long as this linkage is acceptable to healthcare facilities, this alternative approach could be of great interest to assess the frequency of transfusionsand not only obstetric transfusions-at the national level.
